The advent of the Shuttle launch vehicle and Spacelab have resulted in adequate weight and volume such that experiment electronics can be implemented at relatively low cost using spaceflight versions of CAMAC and NIM modules. Studies of 10 modules by manufacturers have shown that power reduction overall by a factor of % 3 can be accomplished. This is adequate both from the point of view of consumption and temperature rise in vacuum. Our studies have shown that a stock of X 45 module types is required and a listing is given. The changes required in these modules in order to produce spaceflight versions are described. And finally, the further studies, prototyping and testing leading to eventual flight qualification are described.
Introduction
The availability of the Space Shuttle as a low-cost transportation system beginning in the late 1970's will result in significant changes in the manner in which the research and applications programs are carried out in space. The Space Shuttle will be used in what is called the sortie mode, earth-orbital missions of X 7 days to begin with, as well as to deploy and possibly recover orbiting satellites and space probes. Often the Shuttle orbital vehicle will carry in its cargo bay a science support system called Spacelab. The modular Spacelab system generally consists of a man-rated, pressurized module, as well as several pallet sections as described in a previous paper.1
Spacelab is being designed and built by the European Space Agency (ESA) and its contractors in cooperation with the National Aeronautics and Space Administration. Spacelab will provide a comfortable laboratory environment for experiments and for experimenter(s) when necessary. Most missions which do fly the Spacelab will probably include one or more pallet sections. Experiment sensor systems and often the entire experiment will be mounted on these pallets and will be directly exposed to space when the orbiter bay doors are open. Many missions will not require the pressurized Spacelab and will use the pallet-only mode of Spacelab. In the latter case, an igloo attached to the pallet provides a pressurized, thermally-controlled environment for the Shuttle interface equipment, Spacelab computers and possibly a small amount of experimenter hardware. The pallets provide standardized power, electronic, mechanical and thermal interfaces. Ordinarily the CAMAC and NIM instrumentation that I'm discussing would be mounted in stacks of several crates directly on the pallet floor.
Sortie Mode
The sortie mode uses the Shuttle to carry experiment payloads together with payload specialist and experiments into Earth orbit for periods from 7 to 30 days. Generally, the experiments will remain attached to the orbiter or pallets, although large sensors such as telescopes may be deployed through the bay doors while acquiring data in orbit. The payload specialists who would accompany some payloads into orbit could be scientists or engineers with a minimum of spaceflight training. Step Selectable Delays 
AMPLIFIERS
As a result of this work, it is now clear that an adequate supply of modules, crates, bins and power supplies will be available by mid 1977 to carry out a meaningful sequence of demonstrations and environmental qualification tests. These tests then would provide one of the major inputs to a NASA decision for the implementation of our Shuttle/Spacelab experiments with such space-qualified CAMAC and NIM modules.
Mechanical Modifications
Several mechanical changes have been made to the CAMAC and NIM modules to enhance their performance under vibration and to enhance their ability to conduct heat. The basic mechanical standards are still being met, however; and so a commercial module may be inserted in a spaceflight bin or crate, and it will fit, receive the proper power and see the proper electrical interface. Most changes are concerned with CAMAC modules, and these will be discussed as the example. Fig. 1 outlines a CAMAC module. While the commercial module has only a lower screw lock assembly on the front, the spaceflight version provides for three: one each on the front upper and lower and one on the rear just above the edge connector. These provide additional mechanical support as well as better guaranteed thermal paths. The figure also shows that the standard Lemo connectors have been replaced by screw-type, 50 ohm connectors (Sealectro SRM series), and locking-type toggle switches. Not shown for clarity on this drawing are the side shields which will be required on both module surfaces. Substantial formed aluminum shields add considerable thermal conductivity and mechanical strength to the module. A number of aluminum standoffs are attached between the shields and the boards on both sides. Additionally, the crates and bins are specified to have module edge slots which are mechanically driven or spring loaded so as to guarantee good thermal connection between modules and crates or bins. Figure 2 shows a line drawing of a side view of a spaceflight crate with a rear-mounted dc-dc converter as the power supply. In the general case, these crates will be stacked two or three units high on the pallet. and NIM modules for a present cost of from $25,000 to $50,000 for the modular electronics.
We believe that individual modules in the space-qualified version will cost from 2.5 to 8 times as much as the present commercial modules depending upon complexity and the quantity of the buy. Using these figures we would expect the overall CAMAC and NIM system for these astrophysics experiments to cost X 6 times more than the commercial system. Using the factor of 6 as the pessimistic approach, and comparing the result with the cost of our lowest cost conventional spaceflight electronics, we predict that the cost of implementing the system with space-qualified CAMAC and NIM will be a factor of 5 to 10 times lower. These calculations did not include any factors as to the reusability of these modules on many experiments; and these will have a large effect, improving the costeffectiveness even further.
An obvious question is: Why is this approach so much cheaper than our previous lowest-cost space electronics? There are several reasons:
1. The modules, especially the CAMAC modules described by IEEE 583, are quite functional and useful to the experiments, and therefore there is a need for reasonable quantities of these modules. Assuming a mission mix of two sortie missions per year with payloads devoted to research in astronomy, solar physics and high-energy astrophysics, one probably would need a stock of 1300 to 1500 total modules spread over 45 module types. In these quantities the manufacturers are able to show a substantially reduced cost over our usual buy of 2 or 3 units. Key to this conclusion is the requirement for NASA or a contractor to stock these modules as a result of quantity module procurement.
2. The Shuttle system has allowed us to use weight and volume as a trade-off against cost. This is very cost-effective. It is very expensive to build small, light-weight electronics for space use, both in terms of the parts and the design and fabrication.
3. Modules built to IEEE 583 and the NIM standard are well established. The interfaces, both mechanical and electrical, are well understood and proven. Especially in the case of CAMAC, a substantial portion of the electronics design has to do with interfacing with the dataway and thence to the controller, other modules, microprocessor, etc. For spaceflight use the major change here is one of buying a higher reliability part and paying more for it, while there should be little design overhead. 
